The world is currently experiencing two major demographic transitions: the ageing of populations, particularly in low and middle income countries, and urbanization. This paper briefly summarizes current theories on how the urban environment may influence the health and quality of life of an older person, reviews epidemiologic studies that have investigated this relationship, and highlights urban initiatives that foster active and healthy ageing.
BACKGROUND
Populations around the world are rapidly ageing. By 2050, the global population of people aged 60 years and over is expected to reach almost two billion, with the proportion of older people doubling between 2006 and 2050. 1 Less developed countries will experience the most dramatic change, and by mid-century approximately 80 percent of older people will live in what are now low or middle income countries.
Some analysts and commentators have suggested that these demographic shifts will place a major burden on health and social systems. 2 One way of quantifying this is the "old age dependency ratio" which measures the proportion of people aged 65 and over per 100 persons of working age. In Japan, currently the country with the highest life expectancy, this ratio will have increased almost tenfold by 2050 compared to 1950. 3 While it is tempting to think Japan has already completed the transition to an older population, more than half of this increase has yet to occur.
However, this negative perspective on ageing populations is based on an assumption that older people are inevitably dependent and a burden on society. If older people can maintain their health until the last years of life, and if they live in an environment that allows their ongoing productive engagement in society, ageing populations might instead be considered an overlooked societal resource.
In recent years, there has been mounting interest in the role the urban environment may play in achieving these more positive goals. In part, this reflects new theoretical models, the availability of new analytical methods 4, 5 and awareness that older adults may be more sensitive to urban characteristics such as safety and urban form. 6 But it has also arisen in response to another major demographic trend that is occurring alongside population ageing: urbanization. In 2008, for the first time, the majority of the world's population lived in cities, and this transition from rural to urban living is expected to continue. 7 These two demographic trends are not unrelated. By 2050, it is expected that a quarter of urban populations in less developed countries will be over the age of 60 years. In developed countries, 80 percent of older people already live in urban areas. 7 This paper briefly summarizes current theories on how the urban environment may influence ageing, reviews major population based epidemiologic studies that have investigated this relationship, and provides examples of urban initiatives that have been put in place to make cities more supportive of older people.
THEORETICAL MODELS
Many different urban characteristics have been proposed as possible determinants of an equally wide array of health outcomes at all ages. The specific mechanism behind each of these associations is likely to vary, but a number of basic theories have been proposed.
Most attention has been given to the influence of neighbourhood socioeconomic disadvantage (as distinct from household or individual socioeconomic disadvantage). Whether this has been entirely theory driven, or whether it simply reflects the ready availability of neighbourhood socioeconomic data from secondary sources such as census data, is not clear. However, a number of related theoretical models have been developed to explain the frequently observed association between an older person's health and the socioeconomic status of their neighbourhood of residence.
Both the "differential vulnerability" hypothesis and social stress theory posit that disadvantaged neighbourhoods can influence health by directly increasing the likelihood of experiencing personal stress events such as trauma or unemployment. 8 Physical conditions such as urban decay, physical disorder, and high levels of crime may generate more chronic levels of stress and fear. 9, 10 Neighbourhood disadvantage might also be associated with higher levels of social disorder, 11, 12 lower social cohesion and less informal social control over problem behaviours. 9 These, in turn, may impede the development of the social networks that may buffer individuals from the stressors they face on a daily basis. 13 Disadvantaged neighbourhoods may also be less likely to offer other resources such as healthcare facilities, and access to healthy foods. Prevailing cultural norms may steer residents to unhealthy, or in some cases healthy, behaviors and outcomes. 14 On the other hand, a positive residential environment may provide social resources that buffer the impact of life stressors, [15] [16] [17] present readily accessible and affordable nutritional food that makes it easier for older people to eat a healthy diet, or contain physical characteristics such as trees and parks that foster a sense of well-being and provide a recuperative environment that supports resilience. Good street design, access to public transport and diverse retail outlets may encourage individuals to remain engaged with their local community and maintain supportive social networks. Such features may also encourage walking and other physical activity, [18] [19] [20] [21] which may exert protective effects by strengthening the physiological systems of older adults and reducing functional limitation (e.g., from osteoarthritis).
These causative models complement the theoretical underpinnings of a number of interventions to establish communities that are more conducive to "active ageing" and "ageing in place". These arise from an ecological perspective of ageing that assumes an interplay between an individual's functional capacity, adaptation, and their physical and social environment. 22 They link to related concepts of urban design and service planning for disability and ageing services, including universal design, accessibility, healthy cities, livable communities, and walkable communities. 23, 24 While distinct in their emphases, these generally share the common goal of addressing needs related to health (e.g., accessible and affordable health and healthcare services, opportunities to stay active), participation (e.g., accessible public transportation, information services, recreational programmes, social connections, volunteer opportunities, places to worship, a sense of being valued and respected), and security (e.g., home and community safety, transportation safety, financial security, affordable housing and services).
RECENT RESEARCH

Methods
To examine the current evidence for these dynamics, we undertook a structured review of recent analytical epidemiologic literature.
Articles for possible inclusion were identified through a MEDLINE Ovid search (Figure 1 ). We searched for articles published from January 1, 2000 to December 31, 2009 , including the following key words in the title or abstract field: 
articles included in the review
Reading of full text articles
The search identified 2,292 articles. The abstracts of these were reviewed by one reviewer according to the following inclusion and exclusion criteria that had been decided prior to assessing the abstracts: English language empirical population based studies of physical and mental health outcomes (including health behaviours). We excluded from this selection articles in which neighbourhood was not the primary exposure variable or a key variable within an ecologic framework; where neighbourhood had not been defined at a small-area level (e.g., comparing rural and urban); or minimum age of the study population was not [> or =] 45. If it could not be determined from the abstract whether or not the article met all selection criteria, the article was accepted for further review. Fifty-three articles were reviewed in full. Any cited papers that met study criteria but that had not been identified by the original search were also included in the review. A total of 51 articles were finally identified. Longitudinal studies with study populations of greater than 250 are shown in Table 1 (following pages).
Summary of epidemiologic evidence
Most of the studies reviewed suffer from significant methodological limitations that need to be borne in mind when considering their findings. Foremost amongst these is the cross-sectional nature of most research. Many positive studies had difficulty excluding the possibility that observed relationships resulted from social selection, a tendency for individuals sharing certain characteristics, for example a specific cultural background, to live in similar neighbourhoods. 45 If social selections were operating, an observed association between living in these neighbourhoods and an outcome of interest may simply reflect this shared cultural heritage of residents, rather than being a consequence of living in that community. Of course, both mechanisms may be at play, further complicating any analysis.
Multilevel studies, which account for key individual level information on participants address some of the concerns about social selection through adjustment for many of the characteristics associated with it (e.g., race, individual socioeconomic status and ethnicity). However, it is very difficult for any cross-sectional study to confidently determine the direction of observed associations. Thus, for example, while high rates of depression and morbidity have been frequently linked with residing in a socioeconomically disadvantaged area, both poor physical and mental health can lead directly to individual economic disadvantage. Since this increases the risk that such individuals will live in disadvantaged neighbourhoods, the reported cross-sectional associations between health and neighbourhood disadvantage may be a consequence of poor health rather than a cause. Longitudinal studies are better placed to consider causality, although extended follow-up may be needed. For this reason, we place a heavier emphasis on the evidence generated by prospective research in the discussion below.
Defining and measuring the specific neighbourhood characteristics that may be operating was also a challenge for many studies. While some broad characteristics such as neighbourhood socioeconomic status and residential stability can often be objectively determined from census data, information on other characteristics such as safety, urban decay or social cohesion is rarely routinely available. One commonly used alternative is relying on participant perceptions of neighbourhood characteristics. Yet this may also be problematic since perceptions may reflect characteristics of the individual rather than the environment and may be directly influenced by the outcome of interest. 46, 47 For example, a frail person may be more fearful of their environment or a depressed person may perceive less social support.
At a more general level, neighbourhood definitions varied extensively between studies. While convenient, geographic or administrative definitions may not coincide with the true community within which an older person lives, and large neighbourhoods may mask heterogeneity of both neighbourhood populations and environmental characteristics. Other common limitations included failure to account for possible individuallevel confounders, failure of analysis to account for within neighbourhood clustering, correlations between multiple environmental measures in analysis and inability to account for neighbourhood change between the time of characterizing the neighbourhood and determining a participant's health status or to account for a lag period between time of residence and the development of the outcome.
Despite these methodologic challenges, the evidence for neighbourhood influences on the health of older people is growing. A recent review of the influence of the neighbourhood environment on the health of older adults found 33 studies (of which 25 were cross-sectional) with a positive association in all but three. 48 A recent review of studies examining the association between neighbourhood characteristics and physical activity at all ages found a consistent relationship between walking and a range of physical characteristics, although almost all research was cross-sectional. 49 A similar review of the impact of the urban environment on mental health identified 45 studies, of which 37 reported positive associations. 50 The most consistent environmental predictor in the studies identified was neighbourhood socioeconomic status. This was associated with many outcomes in cross-sectional research, even after adjustment for individual characteristics, including depression, [51] [52] [53] 67 and disability. [68] [69] [70] [71] Other studies failed to find an association. [72] [73] [74] A causative role for neighbourhood disadvantage in these associations is supported by a number of longitudinal studies, which have found similar effects after accounting for individual level characteristics. When 5074 older participants in the Cardiovascular Health Study were followed for eight years, the risk of incident cardiovascular, but not non-cardiovascular, death was increased for participants living in the most disadvantaged neighbourhoods after adjustment for prevalent baseline disease and cardiovascular risk factors. 26 A four to seven year follow-up of progressive chronic kidney disease in 4,735 older participants of the same study found a 50 percent increase in risk for residents of the lowest quartile of neighbourhood socioeconomic status. 30 When 10,557 elderly Medicare beneficiaries throughout the city of Chicago who had been newly diagnosed and hospitalized for the first time were followed over six years, participants who lived in neighbourhoods with higher socioeconomic status or with a better social environment (defined by independent social survey) had significantly longer survival after disease onset. Myocardial infarction was the primary force driving the associations. 75 Two year follow-up of the English Longitudinal Study of Ageing (ELSA) found neighbourhood disadvantage was associated with both impaired gait speed and self-reported incident mobility difficulties. 31 In this short period, 13.6 per 100 residents of disadvantaged neighbourhoods developed incident mobility difficulties compared to 4 in 100 residents in the least disadvantaged neighbourhoods.
A two year follow-up of participants in the New York City Neighbourhood And Mental hEalth Study (NYCNAMES) conducted by one of the authors of this review, found an association between the socioeconomic status of an older person's place of residence and deterioration in symptoms of depression. 34 When cognitive function was followed over a five year period in 3,050 participants of the Hispanic Established Populations for Epidemiologic Studies of the Elderly, odds of incident cognitive decline decreased as a function of neighbourhood percentage of Mexican American residents and increased with neighbourhood economic disadvantage. 35 The North Staffordshire Osteoarthritis Project (NorStOP) sent individuals aged 50 and over baseline and three year questionnaires. Nineteen percent of the 3,644 people without pain interference at baseline reported it at follow-up and participants living in areas of high health deprivation had an increased risk of developing pain interference. 32 Educational levels are often used as surrogate measures of socioeconomic status. In a longitudinal study of mortality in the entire Norwegian population, total mortality was increased in residents of municipalities with low average education levels, but only among men who had lived for over ten years in the same place. 36 However, not all longitudinal studies of neighbourhood disadvantage identify an association. When 2,632 non-institutionalized participants in the Study of Assets and Health Dynamics Among the Oldest Old (AHEAD), were followed over three waves, an observed association between neighbourhood-level socioeconomic disadvantage and change in depressive symptoms was lost after adjustment for individual-level characteristics. 37 A study of six medical conditions and survival over seven years in 3,050 older Mexican Americans found morbidity and mortality were lowest in neighbourhoods with high proportions of Mexican Americans and greatest in neighbourhoods where Mexican Americans are most integrated with non-Hispanics. This sociocultural advantage outweighed any disadvantages conferred by the high neighbourhood poverty. 27 It is also worth noting a provocative study of 8, 197 individuals that was excluded from our review because the cohort was not limited to older ages. Participants were initially surveyed between 1979 and 1990, and followed until 2002. Death rates among participants of low socioeconomic status were highest in the least disadvantaged neighborhoods, lower in moderately disadvantaged neighborhoods, and lowest in the most disadvantaged neighborhoods. The authors concluded that individuals of low socioeconomic status may not benefit from the higher quality of resources and knowledge generally associated with less disadvantaged neighbourhoods. 76 Neighbourhood socioeconomic disadvantage may influence health through a variety of different mechanisms. None of the positive studies reviewed were able to examine pathways in enough detail to clarify how any observed associations may be mediated. However, a large number of cross-sectional studies have explored the influence of specific neighbourhood characteristics. Positive findings include associations between neighbourhood psychosocial hazards and cardiovascular disease 77 ; neighbourhood walkability and physical activity 54, 78, 79 or lowered risk of depression 51 ; perceived neighbourhood safety and activity 80, 81 ; physical activity and social cohesion, 82 or number of neighbourhood destinations 83 ; street connectivity and lower risk of obesity 84 ; living in areas of high religious affiliation and reduced mortality 85 ; and structural context and self rated health. 64 Other studies had negative or uncertain findings. 64, 86 It should also be noted that in many of the positive studies, multiple environmental characteristics were assessed and positive associations were only identified for some of these factors.
A range of specific built environment characteristics has been examined in longitudinal research. For example, living in areas with better neighbourhood resources, defined by a combined score for physical activity and health foods, was found to be associated with reduced incidence of type 2 diabetes during a five year follow-up of 2,285 participants in the Multi-Ethnic Study of Atherosclerosis. 38 The absence of similar characteristics have been found to be associated with obesity and lower levels of physical activity, both of which increase risk for diabetes and cardiovascular disease. When 303 older adults were followed in four waves over one year, there was a general downward trajectory of walking over time. However, neighbourhoods with safe walking environments and access to physical activity facilities had lower rates than less favorable neighbourhoods. 28 When weight and waist circumferences of 1,145 residents of Portland, Oregon, were assessed at baseline and after one year, mean weight and mean waist circumference increased. Increases were greater among residents of neighbourhoods with a high density of fast food outlets (measured using Geographic Information Systems) and high-walkability neighbourhoods were associated with decreases in weight and in waist circumference among residents who increased their levels of vigorous physical activity. 39 The same study found that over the observation period, there was a small increase in both mean systolic and mean diastolic blood pressures. However, residing in highly walkable neighbourhoods was associated with decreases in systolic and diastolic blood pressure, while an observed negative association of fast food restaurants on blood pressure was diminished among highly walkable neighbourhoods. 40 There is also longitudinal evidence to support cross-sectional findings suggesting that fear of crime, street design that favors motorized transportation and neighbourhood decay may adversely influence health outcomes.
A 15 year follow-up of a nationally representative sample of Americans found that trajectories of mobility disability were worse for older adults (age 75 and over) living in neighbourhoods characterized by more motorized travel. 42 When 563 subjects of the African-American Health Study received in-home evaluations at baseline and three years later, persons who lived in poor neighbourhood conditions (assessed at baseline by the interviewer) were more likely to develop two or more lower body functional limitations.
The New Haven Established Populations for Epidemiologic Studies of the Elderly (EPESE) followed 1,884 participants without mobility disability for eight years. Participants' baseline perceptions of lack of neighbourhood safety due to crime were associated with increased risk of subsequent incident mobility disability, but only among participants whose incomes were below the federal poverty line. No association was found with living in neighbourhoods with high crime rates when measured by newspaper reports. 44 This study raises the interesting issue of the relative importance of resident perceptions of their neighbourhood and more objective external assessment.
The Alameda County Study questioned 883 older and functionally healthy participants in 1994 and 1995. Risk of self-reported functional loss among participants who had not reported it at baseline was higher at follow-up among those who had previously reported multiple-problem neighbourhoods. Neighbourhood problems associated with the largest increase in risk were excessive noise, inadequate lighting, and heavy traffic. 87 Housing design too, may influence health and social well-being. A population based sample of 273 disadvantaged Hispanic elders (70-100 years of age) in a socioeconomically disadvantaged Hispanic neighbourhood received three annual assessments of social support, psychological distress, and physical functioning. Architectural features of the built environment theorized to facilitate direct observations and interactions (e.g., porches, stoops) had a significant direct relationship with elders' physical functioning as measured three years later, and an indirect relationship through social support and psychological distress. 33 Finally, one study that highlights the risk of selection biases and other methodological challenges of neighbourhood research is the Harvard Alumni Study. When initially assessed cross-sectionally, urban sprawl at a county level was found to be associated with less physical activity in male participants. However, when the association was studied longitudinally in 3,448 participants and change in exposure to sprawl was considered for participants changing residence, no association was found. The authors concluded that "these findings suggest that the cross-sectional results may reflect self-selection, rather than indicating that…urban sprawl…increases physical activity. However, the longitudinal findings were limited by small numbers…" 41 They were also limited by the large area level at which sprawl was defined which may serve to mask significant heterogeneity.
URBAN INITIATIVES TO FOSTER HEALTHY AGEING
In parallel with this body of research, a number of interventions have been developed over recent years to create urban environments that assist older people to remain healthy and engaged in their community.
In the United States, "Partners for Livable Communities" was established in 1977 to improve the livability of communities by promoting quality of life, economic development, and social equity. More recently, the programme has promoted the concept of "ageing in place" and in 2007 published "the Aging in Place Technical Assistance Guide" and "A Blueprint for Action: Developing a Livable Community for All Ages". 88, 89 These identify seven key issues for enabling older people to age in place: housing; planning and zoning; transportation; health and supportive services; cultures and lifelong learning; public safety; and civic engagement opportunities. AARP, a nonprofit, nonpartisan membership organization in the US that helps people 50 and over improve the quality of their lives, has followed a similar approach for its own Livable Communities programme, which places a particular emphasis on community engagement and defines a livable community as one that "has affordable and appropriate housing, supportive community features and services, and adequate mobility options, which together facilitate personal independence and the engagement of residents in civic and social life". 90 Both of these approaches are consistent with a 2004 report from the US National Council on Disability (NCD) on "Livable Communities for Adults with Disabilities". 91 The AdvantAge Initiative led by the Centre for Home Care Policy and Research, Visiting Nurse Association of New York and supported by a number of private foundations, takes a community development approach to create communities that are prepared to meet the needs and nurture the aspirations of older adults. At the heart of the AdvantAge Initiative is a comprehensive survey of community-residing older adults designed to complement the "topdown" perspectives of institutions and professionals, and challenge organizational and individual assumptions. This engages older people in a dialogue about ageing issues, and builds support for plans of action. The survey focuses on four key areas: Basic needs for housing and security, maintenance of physical and mental health, independence for the frail, disabled, and homebound, and opportunities for social and civic engagement. 92 Similar projects have been undertaken in urban environments in other countries, including the City of Calgary's Elder Friendly Community, 93 the Valuing Older People Partnership in Manchester in the United Kingdom, 94 and the Canberra Plan, an Age-friendly City project in Australia. 95 Two international programmes on ageing and the urban environment have also been established. Healthy ageing has been identified as one of three core themes in the Phase IV (2003-2008) of the World Health Organization's Healthy Cities Network, with the goal of generating strong local political commitment and of introducing policies and planning processes that will ensure a holistic and well-balanced approach to older people's needs for health development and care. 96 Cities develop a profile of the health of older people to inform strategy development to help achieve this goal.
The World Health Organization has also developed a programme specifically on Age-friendly Environments. 97 Defining an Age-friendly City as one that "encourages active ageing by optimizing opportunities for health, participation and security in order to enhance quality of life as people age", the programme commenced in 2006 with a project to subjectively identify the characteristics of the urban environment that might foster this goal. Academic partners in 33 cities around the world asked older people in focus groups to describe the advantages and barriers they experienced in eight areas of city living. In most cities, the reports from older people were complemented by focus groups of caregivers and service providers. The eight domains considered included features of a city's physical environment that may have an influence on personal mobility, safety from injury, security from crime, health behaviour and social participation; different aspects of the social environment and of culture that may affect participation and mental well-being; characteristics that foster communication and access to information; and community support and health services. The WHO Global Network of Age-friendly Cities was established in late 2009, and is designed to link participating municipalities, foster evaluation of age-friendly initiatives and provide technical support. Unlike the academic focus of the original project, the Network focus is on implementation, and a requirement for participation in the Network is that the Municipality formally commits to a process of continual improvement. At the time of writing, a number of cities had begun to participate in the Network including 34 French cities through their membership with a partner programme "Bien Vieillir, Vivre Ensemble".
Unfortunately, to date, there has been little opportunity to evaluate the impact of these diverse initiatives.
CONCLUSION
It has long been argued that the health of an older person is intimately entwined with the physical, social and economic environment in which they live. 22 Over the past decade, epidemiologic evidence to support this position has grown, although most research has been cross-sectional. However, in the last two years alone, at least 13 new longitudinal studies examining these issues have been reported, with ten having positive findings consistent with previous cross-sectional research. Unfortunately, few of these studies can yet point to specific pathways that may be amenable to intervention.
Concurrent with this research, a number of sizable programmes have been developed to redesign the urban environment to be more supportive of older people. These have often arisen from a background of clinical and community care, or of urban design. To date, little research has been undertaken of their impact on the health and lives of older people.
While the potential for improvements in the urban environment to foster the health, social engagement and productivity of older people appears large, the investment required to make these changes is also considerable. To ensure this investment is put to best use, it is crucial that the policies and interventions that are adopted are subject to rigorous evaluation. This will not be easy, since it will need to account for many confounding factors and to distinguish between intervention effect and selection biases. However, rigorous evaluation can not only confirm the impact of these approaches and guide future initiatives in this area, but it can also help answer fundamental questions about the relationship between the urban environment and the health of older people.
In the meantime, current theoretical models, and the available epidemiologic evidence, appear to justify the directions being followed by these urban initiatives. Many are also consistent with broader public health strategies on disability.
A number of approaches seem justifiable. These include strategies to foster the ongoing social engagement of older people through improving access to buildings and public transport, improving walkability, creating destinations that encourage older people to leave their homes, strengthening intergenerational links and developing innovative technology such as webbased networking and videoconferencing. Other interventions worth considering include reducing crime and improving urban safety, improving housing design and strengthening neighbourhood social resources. But these are just a few examples of a diverse array that span both the physical and social environments of an older person and that may be neighbourhood specific. Policy makers will need to take account of the local environment and the concerns of older residents.
Another obvious need is for a unifying theoretical model that can underpin future research in this field and guide the development of future interventions. This needs to span both ecological perspectives of ageing and broader social theory, and to suggest mechanisms by which environmental characteristics may exert their effect.
If the impact of current strategies can be confirmed, these approaches offer a satisfyingly equitable approach to foster the health of older people. Ensuring that an older person, regardless of their individual socioeconomic status or background, lives in an environment that facilitates healthy behaviours and social engagement, goes some way to overcoming the health disparities that are widely evident in this age group.
